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CONTROL METHOD AND PLASMA
PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2019-224851,
filed on Dec. 12, 2019, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a control method and a
plasma processing apparatus.

BACKGROUND

Patent Document 1 discloses a technique 1n which, after
processing a substrate electrostatically adsorbed on an elec-
trostatic chuck, a predetermined HV voltage 1s applied to an
clectrode of the electrostatic chuck from a power supply to
climinate electric charges between the electrostatic chuck
and the substrate, and after that, lifter pins are raised to
detach the substrate from the electrostatic chuck and carry
the substrate to the outside.

If electric charges accumulate on the surface of the
clectrostatic chuck during the substrate process, residual
adsorption occurs between the electrostatic chuck and the
substrate during the elimination due to the amount of
accumulated electric charges (hereinafter also referred to as
a “residual electric charge amount™), which makes 1t diflicult
to detach the substrate from the electrostatic chuck. It the

lifter pins are raised during the residual adsorption, the
substrate may be cracked.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese laid-open publication No.
2013-149935

SUMMARY

According to one embodiment of the present disclosure,
a control method 1ncludes: (a) connecting a power supply to
an electrode of an electrostatic chuck inside a chamber and
applying a voltage from the power supply to the electrode;
(b) after (a), switching a connection between the electrode
and the power supply to a non-connection state; (c) after (b),
supplying a gas into the chamber to generate plasma; and (d)
measuring a potential of the electrode during (c).

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments ol the present disclosure, and together with the
general description given above and the detailed description
of the embodiments given below, serve to explain the
principles of the present disclosure.

FIGS. 1A and 1B are views for explaiming a self-bias
voltage V ..

FIG. 2 1s a view showing a plasma processing apparatus
and a measuring device according to an embodiment.
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FIG. 3 1s a view showing a processing cycle according to
an embodiment.

FIG. 4 1s a timing chart showing a measurement sequence
of electrode potential according to an embodiment.

FIGS. 5A to SE are views for explaining a measurement
sequence of electrode potential according to an embodiment.

FIGS. 6A and 6B are views for explaining the state of
clectrode potential according to an embodiment.

FIG. 7 1s a view showing an example of a result of
potential drop of the electrode potential from the ground
according to an embodiment.

FIG. 8 1s a view showing an example of the correlation
between a diflerence i1n potential drop of the electrode
potential from the ground and a pin torque according to the
embodiment.

DETAILED DESCRIPTION

Retference will now be made 1n detail to various embodi-
ments, examples of which are 1llustrated in the accompany-
ing drawings. Throughout the specification and the draw-
ings, the substantially same elements and parts are denoted
by the same reference numerals, and explanation thereot wall
be not repeated. In the following detailed description,
numerous specific details are set forth 1n order to provide a
thorough understanding of the present disclosure. However,
it will be apparent to one of ordinary skill i the art that the
present disclosure may be practiced without these specific
details. In other instances, well-known methods, procedures,
systems, and components have not been described in detail
so as not to unnecessarily obscure aspects of the various
embodiments.

[Self-Bias Voltage]

First, a direct current seli-bias voltage of plasma (here-
inafter referred to as a “self-bias voltage V ) will be
described with reference to FIGS. 1A and 1B. FIGS. 1A and
1B are views for explaining the self-bias voltage V , .

FIG. 1A schematically shows a portion of a counter
clectrode 1n which an electrode A and an electrode K are
arranged so as to face each other. The electrode A 1s a
grounded electrode that 1s grounded, and the electrode K 1s
a high-frequency electrode connected to a high-frequency
power supply (RF power supply) via a blocking capacitor
Cx. The area of the electrode K 1s smaller than that of the
clectrode A.

High-frequency RF power 1s applied to the electrode K to
ionize and dissociate a gas to generate plasma. Since the
high-frequency RF 1n which the positive and negative of the
sine curve are symmetrical 1s applied to the electrode K, the
potential of the electrode K becomes zero 1n total. Electrons
and positive 1ons are generated from the generated plasma,
and as shown in FIG. 1B, the electrons flow into the
clectrode K when the electrode K has a positive potential
with respect to the plasma, and the positive 10ons tlow 1nto the
clectrode K when the electrode K has a negative potential
with respect to the plasma.

At this time, since the electrons have a small mass, they
can follow a high-speed potential fluctuation of the electrode
K. As a result, the electrons flow into the electrode K. On the
other hand, since the positive 1ons have a large mass, they
cannot follow the high-speed potential fluctuation of the
clectrode K and move in an average electric field according
to the law of 1nertia. Therefore, the amount of 1ons flowing
into the electrode K 1s constant and very small.

Since the electrode K 1s floating from the ground by the
blocking capacitor C;, the electrons tlowing into the elec-
trode K do not flow to the ground. Therefore, the electrons
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flow 1nto and accumulate 1n the electrode K 1n a period (half
cycle) in which the surface of the electrode K has a positive
potential with respect to the plasma. However, due to the
accumulated electrons, the surface of the electrode K 1s
negatively charged to generate a negative bias with respect
to the plasma. The negative bias causes the positive 10ns to
flow into the surface of the electrode K. As a result, a sheath
1s formed on the surface of the electrode K.

Eventually, the surface of the electrode K will be at a
positive potential with respect to the plasma for a very short
time during one cycle. The DC component of the potential
difference of the electrode K when a balance between the
clectrons flowing at that time and the positive 10ns con-
stantly flowing due to the negative bias 1s made, 1s the
seli-bias voltage V , ..

In an embodiment to be described below, the potential of
an electrode of an electrostatic chuck when the electrode of
the electrostatic chuck changes from the ground to a floating
state 15 measured. When no residual electric charges are
accumulated on the surface layer of the electrostatic chuck,
the potential of the electrode of the electrostatic chuck
corresponds to the self-bias voltage V , . On the other hand,
when the residual electric charges are accumulated on the
surface layer of the electrostatic chuck, the potential of the
clectrode of the electrostatic chuck has a value depending on
the self-bias voltage V ,. and the residual electric charge
amount. This allows the residual electric charge amount
accumulated on the surface layer of the electrostatic chuck
to be estimated from a change in the potential of the
clectrode of the electrostatic chuck measured for each sub-
strate W. Heremnalter, a plasma processing apparatus having
an electrostatic chuck and a measuring device that measures
the potential of an electrode of the electrostatic chuck will be
described.
|Configuration of Plasma Processing Apparatus and Mea-
suring Device]

FIG. 2 1s a view showing a plasma processing apparatus
100 and a measuring device 10 according to an embodiment.
The plasma processing apparatus 100 has a chamber C, a
relay box 6, and a measuring device 10. The measuring
device 10 measures a voltage of an electrode 21 of an
clectrostatic chuck 2a disposed 1n the chamber C. The relay
box 6 switches connection/disconnection between a power
supply 7 and the electrode 21. When the power supply 7 and
the electrode 21 are opened (disconnected), the electrode 21
1s 1n a floating state, and the measuring device 10 measures
a voltage V between a copper circular plate 12 and a copper
plate 13. The voltage V 1s a value corresponding to the
amount of electric charges accumulated on an acrylic plate
14 sandwiched between the copper circular plate 12 and the
copper plate 13, and indicates a DC component of the
petentlal of the electrode 21 of the electrostatic chuck 2a.
Thus, 1n the embodiment, the potential of the electrode 21 of
the electrestatie chuck 2a can be measured only by provid-
ing the relay box 6 and the measuring device 10 to the
plasma processing apparatus 100.

The plasma processing apparatus 100 1s a capacitively-
coupled parallel plate plasma processing apparatus and has
a substantially cylindrical chamber C. The inner surface of
the chamber C 1s alumite-treated (anodized). The interior of
the chamber C 1s a processing chamber where a substrate
process such as an etching process, a film forming process,
or the like 1s performed by plasma. A stage 2 1s provided
inside the chamber C.

The electrostatic chuck 2a for electrostatically adsorbing,
the substrate W on a base 25 1s provided in the stage 2. The
base 26 1s made of, for example, aluminum (Al), titantum
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(T1), silicon carbide (S1C), or the like. The stage 2 also
functions as a lower electrode.

The electrostatic chuck 2a has a structure 1n which the
clectrode 21 1s provided inside a dielectric layer 22. Dot-
shaped convex portions may be formed on the surface of the
clectrostatic chuck 2a. The electrode 21 1s connected to the
relay box 6 via a low pass filter 111. When a switch 6a of the
relay box 6 1s closed (connected) to apply a DC voltage
(heremaftter also referred to as an “HV voltage™) from the
power supply 7 to the electrode 21, the substrate W 1s
clectrostatically adsorbed and held on the electrostatic chuck
2a by a Coulomb force.

An annular edge ring 8 1s placed on the upper portion of
the outer peripheral side of the electrostatic chuck 2a so as
to surround the outer edge portion of the substrate W. The
edge ring 8 1s made of, for example, silicon, and functions
to converge the plasma toward the surface of the substrate W
to improve the efliciency of plasma processing.

The power of a high-frequency HF for plasma generation,
which 1s a first frequency, 1s applied to the stage 2 from a first
high-frequency power supply 3, and the power of a high-
frequency LF for generating a bias voltage, which 1s a
second frequency lower than the first frequency, 1s applied
to the stage 2 from a second high-frequency power supply 4.
The first high-frequency power supply 3 1s electrically
connected to the stage 2 via a matcher 3a. The second
high-frequency power supply 4 1s electrically connected to
the stage 2 via a matcher 4a. The first high-frequency power
supply 3 applies, for example, the power of a high-frequency
HF of 40 MHz to the stage 2. The second high-frequency
power supply 4 applies, for example, the power of a high-
frequency LF of 13.56 MHz to the stage 2. In an embodi-
ment, the first high-frequency power may be applied to a gas
shower head 1.

The matcher 3¢ matches load impedance to internal (or
output) impedance of the first high-frequency power supply
3. The matcher 4a matches the load impedance to internal
(or output) impedance of the second high-frequency power
supply 4.

The gas shower head 1 1s attached so as to close an
opening of the ceiling of the chamber C via a shield ring that
covers the outer edge portion of the gas shower head 1. The
gas shower head 1 1s grounded. The gas shower head 1 may
be made of silicon. The gas shower head 1 functions as a
counter electrode (upper electrode) that faces the stage 2 (the
lower electrode).

The gas shower head 1 1s formed with a gas 111tredue111g
hole 1a for introducing a gas therethreugh A diffusion
chamber 15 1n which the gas 1s diflused 1s provided inside
the gas shower head 1. The gas output from a gas source 3
1s supplied to the diffusion chamber 15 via the gas intro-
ducing hole 1a, diffused in the diffusion chamber 15, and
introduced into the chamber C through a large number of gas
supply holes 1c.

An exhaust port 1s formed on the bottom surface of the
chamber C, and the interior of the chamber C 1s exhausted
by an exhaust device 9 connected to the exhaust port. Thus,
the interior of the chamber C can be maintained at a
predetermined degree of vacuum. A gate valve G 1s provided
on the sidewall of the chamber C. The gate valve G 1s
opened and closed when the substrate W 1s loaded into and
unloaded from the chamber C.

When a process gas 1s supplied from the gas source 3 1nto
the chamber C, and the high-frequency HF and LF powers
are applied to the stage 2 from the first high-frequency
power supply 3 and the second high-frequency power supply
4, respectively, plasma 1s generated to perform substrate
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process such as an etching process, a cleaning process, a film
forming process, or the like on the substrate W. Hereiafter,
the etching process will be described as an example of the
substrate process.

After the plasma processing, a given HV voltage 1s
applied from the power supply 7 to the electrode 21 to
climinate electric charges on the substrate W. Then, lifter
pins (not shown) are raised to come 1nto contact with the
back surface of the substrate W and lift the substrate W,
whereby the substrate W 1s separated from the electrostatic
chuck 2a and carried from the gate valve G to the outside of
the chamber C. The “given HV voltage” applied during the
climination of the electric charges may be an HV voltage
whose polarity 1s opposite to that of a voltage applied at the
time of adsorbing the substrate W when residual electric
charges are not accumulated on the surface layer of the
clectrostatic chuck 2a. When the residual electric charges
are accumulated on the surface layer of the electrostatic
chuck 2a, the “given HV voltage” 1s determined in consid-
eration of an estimated residual electric charge amount to be
described later.

The plasma processing apparatus 100 1s provided with a
controller 200 that controls the entire operation of the
apparatus. The controller 200 includes a CPU (Central
Processing Unit) 205, a ROM (Read Only Memory) 210,
and a RAM (Random Access Memory) 215. The CPU 205
executes the etching process by executing a control program
according to a recipe stored 1n a storage area such as the
RAM 215 or the like. The recipe 1s set with apparatus control
information for process conditions such as process time,
pressure (gas exhaust), high-frequency power and voltage,
various gas tlow rates, internal temperature of the chamber
(temperature of the substrate W, temperature of the electro-

static chuck temperature, etc.), temperature of refrigerant,
and the like.

In addition, the controller 200 switches the switch 6a of
the relay box 6 at a predetermined timing to control con-
nection/disconnection between the electrode 21 and the
power supply 7. The voltage V measured by the measuring,
device 10 1s transmitted to the controller 200. The controller
200 stores the measured voltage V 1in the RAM 215. The
controller 200 calculates the amount of change 1n the voltage
V stored in the RAM 215 between the previous time and the
current time. The controller 200 estimates the residual
clectric charge amount of the surface layer of the electro-
static chuck 2a based on the amount of change in the voltage
V between the previous time and the current time.

A program for executing these operations and a recipe
indicating the process conditions may be stored 1n a hard
disk or a semiconductor memory. The recipe may be set and
read at a predetermined position 1 a state where 1t 1s
accommodated 1n a portable non-transitory computer-read-
able storage medium such as a CD-ROM, a DVD, or the
like.

(Configuration of Measuring Device)

Next, an example of the configuration of the measuring
device 10 will be described. The measuring device 10
includes the copper circular plate 12, the copper plate 13, the
acrylic plate 14, a probe 15, a surface potentiometer 16, and
a signal recording device 17. The probe 15 and the surface
potentiometer 16 constitute a potential measuring system 18.

FIG. 2 shows that the relay box 6 1s separated from the
measuring device 10 and the low pass filter 111 for the sake
ol convenience in description, but the measuring device 10
has the relay box 6 and the low pass filter 111. The relay box
6 switches connection/disconnection between the electrode
21 and the power supply 7. The relay box 6 switches the
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switch 6a of the relay box 6 from closed to opened at a
timing of measuring the potential of the electrode 21 to
connect the electrode 21 to the measuring device 10. A
member 1n which the acrylic plate 14 1s sandwiched between
the copper circular plate 12 and the copper plate 13 1s an
example of a member 11 for measuring the potential of the
clectrode 21. The member 11 for measuring the potential of
the electrode 21 1s not limited to the configuration of the
copper circular plate 12, the copper plate 13, and the acrylic
plate 14, and can be configured by an insulated conductor.

In the potential measuring system 18, a potential gener-
ated 1n the member 11 for measuring the potential of the
clectrode 21, that 1s, a potential V generated in the acrylic
plate 14 between the copper circular plate 12 and the copper
plate 13, 1s measured by the surface potentiometer 16 using
the probe 135 provided 1n non-contact with the surface of the
copper circular plate 12. The potential measuring system 18
measures the potential V of the member 11 corresponding to
the amount of electric charges accumulated on the member
11, thereby measuring the potential V of the electrode 21.
The probe 15 may be 1n either contact or non-contact with
the copper circular plate 12 as long as 1t can measure the
potential V of the member 11.

When the switch 6a of the relay box 6 1s switched from
the state in which it 1s connected to the power supply 7 to the
state 1n which 1t 1s not connected to the power supply 7, the
voltage V generated in the member 11, that 1s, the voltage V
of the electrode 21 in the floating state, can be measured.

Specifically, the copper plate 13 1s grounded, and the
potential measured by the surface potentiometer 16 using the
probe 15 provided in non-contact with the surface of the
copper circular plate 12 becomes the voltage V of the
clectrode 21 in the floating state. The diameter of the copper
circular plate 12 may be about 100 mm, but 1s not limited
thereto.

The voltage V measured by the surface potentiometer 16
1s stored 1n the signal recording device 17 connected to the
surface potentiometer 16. The signal recording device 17
may be a device having a memory such as a personal
computer or a tablet terminal device, or a cloud computer
provided on a cloud. The voltage V recorded in the signal
recording device 17 1s transmitted to the controller 200 1n
which the voltage V 1s used to estimate the residual electric
charge amount of the surface layer of the electrostatic chuck
2a and control the HV voltage applied to the electrostatic
chuck 2a at the time of elimination of the electric charges 1n
consideration ol the estimated residual electric charge
amount.

The amount of electric charges accumulated on the mem-
ber 11 1s aflected by moisture. Therefore, 1t 1s preferable that
the copper circular plate 12, the copper plate 13, the acrylic
plate 14, and the probe 15 be provided inside a vacuum
container. This allows the voltage V to be accurately mea-
sured without being affected by a disturbance due to the
environment.

[Measurement Timing of Voltage of Electrode]

Next, a measurement timing of the voltage V of the
clectrode 21 executed 1n the plasma processing apparatus
100 will be described with reference to FIG. 3 that shows a
processing cycle for processing the substrate W. FIG. 3 15 a
view showing the processing cycle for processing the sub-
strate W according to the embodiment.

First, the controller 200 loads the substrate W into the
chamber C from the gate valve G of the plasma processing
apparatus 100 (step S1). Subsequently, the controller 200
applies an HV voltage from the power supply 7 to the
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clectrode 21 to electrostatically adsorb the substrate W on
the electrostatic chuck 2a (step S2).

Subsequently, the controller 200 opens the switch 6a and
measures the potential V of the electrode 21 using the
measuring device 10 (step S3). In step S3, the relay box 6
measures the voltage V of the electrode 21 1n the floating

state by the potential measuring system 18 of the measuring
device 10 1n a state where the electrode 21 1s disconnected
from the power supply 7 by the switch 6a at a timing before
executing an etching process.

Subsequently, the controller 200 applies the high-fre-
quency power to the stage 2 to turn a gas supplied from the
gas source 5 1nto plasma to perform the etching process on
the substrate W (step S4). Subsequently, the controller 200
applies a given HV voltage to the electrode 21 to eliminate
clectric charges (step S3). Since the residual electric charges
are not accumulated on the surface layer of the electrostatic
chuck 2a in the electric charges eliminating process aiter a
first-round substrate process 1s performed, the controller 200
applies, for example, an HV voltage whose polarity 1is
opposite to that of the voltage applied when the substrate W
1s adsorbed. Since the residual electric charges are accumu-
lated on the surface layer of the electrostatic chuck 2a during
a cleaning process and a substrate process to be described
later 1n the electric charges eliminating process after a
second-round substrate process and subsequent processes
are performed, the controller 200 determines an HV voltage
in consideration of an estimated residual electric charge
amount (to be described later), and applies the determined
HYV voltage. That 1s, the controller 200 measures the (cur-
rent) voltage V of the member 11 using the measuring device
10, determines an HV voltage based on a vanation between
the previous voltage V and the current voltage V, and applies
the determined HV voltage.

After the elimination, the controller 200 raises the lifter
pins to detach the substrate W from the electrostatic chuck
2a (step S6), and carries the substrate W out of the gate valve
G (step S7). Subsequently, the controller 200 supplies a
cleaning gas and performs the cleaning process with plasma
of the cleaning gas (step S8). Since the cleaning process 1s
waler-less dry cleaning (WLDC) performed without placing
the substrate on the electrostatic chuck 2a, the surface layer
of the electrostatic chuck 2a 1s charged with electric charges.

At this point, the processing of one substrate W 1s ended,
and one processing cycle 1s completed. When the processing
cycle of the next substrate W 1s restarted, the next substrate
W 1s loaded (step S1), and the processes after step S1 are
repeated.
|[Measurement of Flectrode Potential]

Next, a measurement sequence of the electrode potential
in step S3 will be described with reference to FIGS. 4 and,
5A to SE. FIG. 4 1s a timing chart showing a measurement
sequence of the electrode potential according to an embodi-
ment. FIGS. SA to 5E are views for explaining a measure-
ment sequence of the electrode potential according to the
embodiment. A control method at the time of measuring the
clectrode potential shown in FIGS. 4, and 5A to 5E 1s
executed by the controller 200.

At time T0 when this sequence 1s started, the substrate W
1s placed on the electrostatic chuck 2a as shown 1n (1), and
at time T0, the switch 6a of the relay box 6 1s 1n a closed state
(connected to the power supply 7), and the electrode 21 1s 1n
a state of ground potential.

In this state, the measurement sequence of the electrode
potential 1s executed 1n the order of steps (a)—=(b)—(c)—
(d). Although (e) 1s a preferable step to be executed, 1t 1s not
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essential. Therefore, first, the flow of processing of (a)—(b)
—(c)—(d) will be described, and then the processing of (¢)
will be described later.

At time T2, the controller 200 starts the step (a). In the
step (a), an HV voltage 1s applied from the power supply 7
to the electrode 21. The potential V of the electrode 21 at this
time 1s determined by the HV voltage applied from the
power supply 7, and this potential 1s set to V0. As shown in
FIG. 5A, the HV voltage 1s applied from the power supply
7 to the electrode 21 1n the state where the switch 6a 1is
closed, the potential V of the electrode 21 changes from O to
V,, and the substrate W 1s adsorbed on the electrostatic
chuck 2a.

Subsequently, at time T4, the controller 200 starts the step
(b). In the step (b), the switch 6a 1s switched to open so that
the electrode 21 1s brought 1nto non-contact with the power
supply 7. At this time, as shown 1n FIG. 5B, the electrode 21
1s 1n a floating state. In this state, the HV voltage i1s not
applied from the power supply 7 to the electrode 21, but the
potential V of the electrode 21 1s V,, and the substrate W
remains adsorbed on the electrostatic chuck 2a.

Subsequently, at time T3, the controller 200 starts the step
(c). In the step (¢), a gas 1s supplied from the gas source 5
into the chamber C. At this time, the gas 1s turned into
plasma by the power of the high-frequency HF, as shown in
FIG. SC, and the substrate W 1s irradiated with the plasma
P. In this case, the potential V of the electrode 21 decreases
corresponding to the selt-bias voltage V , . (potential drop
indicated by A 1n FIG. 4). When the surface layer of the
clectrostatic chuck 2a 1s not charged, the potential drop
value from the potential V, becomes a value corresponding
to the seli-bias voltage V.. On the other hand, when the
surface layer of the electrostatic chuck 2a 1s charged, the
potential drop value from the potential V, becomes a value
corresponding to the self-bias voltage V , . and the residual
clectric charge amount on the surface layer of the electro-
static chuck 2a. Therefore, by measuring a change in the
potential drop value when the substrate W 1s 1rradiated with
the plasma P, the residual electric charge amount can be
estimated based on the change 1n the potential drop value.
For example, the controller 200 determines the HV voltage
to be applied at the time of electric charges elimination in
response to the change in the potential drop value or the
potential V (change 1n the residual electric charge amount)
at the previous time and the current time when the electrode
21 1s 1n the floating state. Then, the HV voltage determined
in the elimination process (step S5 i FIG. 3) 1s applied to
the electrode 21. As a result, 1t 1s possible to perform the
climination corresponding to the amount of electric charges
on the surface layer of the electrostatic chuck 2a.

The measurement of the potential drop value 1s performed
by the potential measuring system 18 of the measuring
device 10 connected to the electrode 21 in the floating state.
The controller 200 measures the voltage V of the member 11
using the potential measuring system 18 (the probe 15 and
the surface potentiometer 16), and records the potential drop
value from the potential V (=V ) of the electrode 21 or the
measured potential V 1n the signal recording device 17.

Subsequently, at time T6, the controller 200 stops the
application of the gas and the power of the high-frequency
HF. As a result, the steps (¢) and (d) of FIG. 4 are ended, and
the plasma P 1s extinguished as shown in FIG. 5D.

Subsequently, at time T7, the controller 200 connects the
switch 6a of the relay box 6 to the power supply 7 (FIG. 5E).
As a result, the sequence of measuring the potential V of the
clectrode 21 1s ended. After time 17, the etching process by
plasma 1s performed.
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By performing the process of measuring the potential V of
the electrode 21 (step S3 1n FIG. 3) described above before
the etching process (step S4), the controller 200 acquires a
potential drop value indicating a change from the potential
V _ of the potential V of the electrode 21 for each wafer. By
linking this potential drop value (the residual electric charge
amount) with parameters (HV voltage and the like) of the
elimination process and the substrate detachment process of
steps S5 and S6, deterioration of the detachment character-
1stics 1n step S6 can be avoided.

[Potential V of Electrode]

In the measurement process of FIG. 3 (the step of FIG.
4D), after applying the HV voltage to the electrode of the
electrostatic chuck 2a 1n the step of FIG. 4A, the potential
V of the electrode 21 1s measured during the plasma irra-
diation step (c) before performing the etching process of step
S4 of FIG. 3. In this measurement, the potential V of the
member 11 1s measured by the surface potentiometer 16 with
the switch 6a opened, and 1s set as the potential V of the
electrode 21. The potential V of the member 11 1s the
potential V, when the switch 6a 1s closed.

The state of the potential V of the electrode 21 will be
described with reference to an equivalent circuit of FIG. 6A
and a relative potential diagram of the electrode 21 of FIG.
6B. FIG. 6A shows an equivalent circuit of a model of the
electrode 21 and peripheral members. The model of FIG. 6A
shows a path of the ground—the power supply 7, the switch
6a, and the member 11 of the measuring device 10—the
electrostatic chuck 2a (the electrode 21)—the electrostatic
chuck 2a (the surface layer)—the substrate—the chamber
(C—the ground.

The potential V of the member 11, that 1s, the potential V
of the electrode 21, 1s equal to the potential VO when the
switch 6a 1s closed and the power supply 7 1s connected to
the electrode 21. As shown 1n FIG. 6 A, when the switch 6a
1s opened, the electrode 21 1s 1n a floating state. When the
substrate W 1s irradiated with plasma in this state, a self-bias
voltage V _1s generated, and the potential V of the electrode
21 correspondingly drops from the ground by the self-bias
voltage V . (potential drop). However, when the surface
layer of the electrostatic chuck 2a 1s charged, the potential
drop value depends on the electric charge amount of the
surface layer of the electrostatic chuck 2a (Q_, . 1 FIG. 6A)
and the self-bias voltage V , .. Since the self-bias voltage V ..
1s substantially constant, a change 1n the potential drop value
between the voltage V measured at the previous time and the
voltage V measured at the current time becomes a voltage

according to the electric charge amount of the surface layer
of the electrostatic chuck 2a.

As shown 1n FIG. 6A, 1t 1s assumed that the potential of
the electrode 21 1s V, the potential V of the member 11 when
the switch 6a 1s closed (=the potential V of the electrode 21
when the electrode 21 1s connected to the ground) 1s V,, and
the electrostatic capacitance of the surface potentiometer 16
1s C,. At this time, the potential V of the electrode 21
becomes positive V, from the ground (GND) 1n the example
of FIG. 6B.

The potential and electrostatic capacitance between the
electrode 21 and the surface layer of the electrostatic chuck
2a are assumed to be V,; and C,, and the potential and
electrostatic capacitance between the surface layer of the
electrostatic chuck 2a and the substrate W are assumed to be
V, and C,. As shown in FIGS. 1A and 1B, when the
substrate (the lower electrode) 1s irradiated with plasma, the
self-bias voltage V . 1s generated. It 1s assumed that the
initial electric charge amount of the electrostatic chuck 2a
when no electric charges are accumulated on the surface
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layer of the electrostatic chuck 2a 1s Q.. and the electric
charge amount accumulated on the surface layer of the
electrostatic chuck 2a 1s Qe /5.

From the above parameters, the potential V of the elec-
trode 21 can be calculated by the following equation (1).
Although the low pass filter 111 for preventing leakage of
high-frequency 1s actually included 1n the equivalent circuit
of FIG. 6A, the electrostatic capacitance of the low pass
filter 111 1s 1n no consideration 1n the present disclosure.

[Equation 1]

(C1+C)OQhy — C1Ca Ve + C1 Osur
- CDCI + Cl Cz + CZCU

v (1)

The electrostatic capacitances C1, C2, and C3 are fixed
values obtained from design parameters. When the surface
layer of the electrostatic chuck 2a 1s not charged, Q¢ 15 0
and the third term of the equation (1) 1s 0. In this case, when
the electrode 21 1s connected to the ground, the potential V
of the electrode 21 1n the equation (1) shows the potential V,
shown 1n FIG. 6B.

When the surface layer of the electrostatic chuck 2a 1s not
charged, 1n a state where the switch 6a 1s opened and the
electrode 21 1s floating, the potential V drops from the
ground by the self-bias voltage V _, and the potential drop
value A 1n FIG. 4 corresponds to the self-bias voltage V
shown 1 FIG. 6B.

When the surface layer of the electrostatic chuck 2a 1s
charged with the electric charge amount Q¢, 5, the third term
of the equation (1) 1s not O 1n the state where the electrode
21 1s connected to the ground. In this case, 1n the state where
the electrode 21 1s connected to the ground, the potential V
of the electrode 1s a potential V, (#V,) shown in FIG. 6B.

In addition, when the surface layer of the electrostatic
chuck 2a 1s charged with the electric charge amount Q.
the potential drop value A depends on the electric charge
amount Q¢ 1n addition to the self-bias voltage V , . 1n the
state where the electrode 21 1s floating. The potential drop
value A at this time becomes a voltage value corresponding
to the self-bias voltage V . and the electric charge amount
Q. Of the surface layer of the electrostatic chuck 2a shown
in FIG. 6B.

When the surface layer of the electrostatic chuck 2a 1s
charged 1n this way, the change 1n the potential drop value
or the potential V measured at the previous time and the
current time of the processing cycle of FIG. 3 corresponds
to a change 1n the electric charge amount Q,,» of the surface
layer of the electrostatic chuck 2a. Therefore, by acquiring
the change in the potential drop value A or the potential V
for each processing cycle 1n the measurement process (step
S3 1 FIG. 3), the residual electric charge amount of the
surface layer of the electrostatic chuck 2a can be grasped
before the substrate detachment process (step S6).

From the above, as shown in FIG. 3, a process of
evaluating the residual electric charge amount of the surface
layer of the electrostatic chuck 2a 1s 1mnserted between the
etching process (step S4) and the substrate detachment
process (step S6), and the potential drop value A or the
potential V for each substrate measured 1n the measurement
process of step S3 1s acquured 1n the evaluation process.
Based on the acquired potential drop value A or potential V
for each substrate, change (or change in the electric charge
amount Q. ,») 1s obtained and linked with the parameters of
the substrate detachment process (step S6) to prevent the
detachment characteristic from deteriorating. For example,
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by taking measures such as controlling the HV voltage
applied to the electrode 21 during the elimination to an
appropriate value based on the change in the potential drop
value A or the change 1n the potential V when the electrode
21 1s 1n the floating state, it 1s possible to avoid deterioration
of the detachment characteristic.

[Evaluation 1]
Next, a result of Evaluation 1 regarding the above-

described measurement of the potential of the electrode (the
step (d) of FI1G. 4 1n step S3 of FIG. 3) will be described with
retference to FIG. 7. FIG. 7 1s a view showing an example of
a result of the potential drop of the potential V of the
clectrode from the ground according to the embodiment.

In an experiment of Evaluation 1, the potential V of the
clectrode 21 was measured 1n a state where no charges were
supplied to the surface layer of the electrostatic chuck 2a 1n
the processing cycle of the first substrate. The potential V of
the electrode 21 was measured 1n the processing cycles of
the second and third substrates 1n a state where the charges
were supplied to the surface layer of the electrostatic chuck
2a by performing the water-less dry cleaning 1n step S8. The
experimental conditions of Evaluation 1 are as follows.
<Experimental Conditions>

Step (a)

HV voltage: 2,500V

Step (¢)

Chamber pressure: 400 mTorr (53.33 Pa)

High-frequency HF power: 400 W

(ras: O,

Process time: 30 seconds

Under the above experimental conditions, the substrate
was wrradiated with the plasma in the step (c¢), and the
potential of the electrode was measured in the step (d). In
FIG. 7, the horizontal axis represents time (s), and the
vertical axis represents the electrode potential V (V). A
indicates the measurement result for the first substrate, B
indicates the measurement result for the second substrate,
and C indicates the measurement results for the third sub-
strate.

From the experimental results, i the processing cycles of
the second and third substrates, since residual electric
charges were accumulated on the surface layer of the elec-
trostatic chuck 2a, the potential V of the electrode dropped
from the ground when the plasma was turned on 1n the step
(c¢) after the electrodes was set to a floating state in the step
(b). Further, the potential drop of the third substrate was
larger than that of the second substrate. On the other hand,
at the time of processing the first substrate, since no residual
clectric charges were accumulated on the surface layer of the
clectrostatic chuck 2a, no potential drop from the ground
occurred. The reason why the potential does not drop in the
processing of the first substrate 1s that the surface layer of the
clectrostatic chuck 2q 1n the 1initial state 1s positively charged
and a potential equal to or higher than the seli-bias voltage
V ., 1s generated. From the above results, 1t 1s found that the
potential V of the electrode 21 can be measured and the
clectric charge amount of the surface layer of the electro-
static chuck 2a can be measured based on the change 1n the
voltage V or the change 1n the potential drop value when the
potential V of the electrode 21 1s measured. Further, 1t 1s
proved that deterioration of the detachment characteristic
can be avoided by taking measures such as controlling the
HV voltage applied to the electrode 21 at the time of
climination to an appropriate value based on the change 1n
the voltage V or the change 1n the potential drop value.
|[Evaluation 2]
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Next, a result of Evaluation 2 regarding the measurement
of the potential V of the electrode 21 described above will
be described with reference to FIG. 8 by taking the corre-
lation between a potential difference of the electrode and a
pin torque as an example. FIG. 8 1s a view showing an
example of the correlation between a diflerence 1n potential
drop (AV) of the electrode potential from the ground and a
pin torque according to the embodiment.

In FIG. 8, the horizontal axis represents the difference 1n
potential drop (AV), and the vertical axis 1s a torque of the
lifter pins. According to this, 1t was found that there 1s a
positive correlation mm which a torque for detaching the
substrate increases as the diflerence in potential drop (AV)
increases and the residual electric charge amount accumus-
lated on the surface layer of the electrostatic chuck 2a
increases. When the torque for detaching the substrate
increases, the amount of current flowing on the surface of
the electrostatic chuck 2a also increases. Theretfore, 1t was
found that there 1s a correlation between the change in
potential drop (AV), the torque of the lifter pins, and the
amount of current flowing on the surface of the electrostatic
chuck 2a.
|[Enclosure of Plasmal

Finally, returning to FIG. 4, the step (e) will be described.
The step (e) 1s a step of supplying a gas into the chamber C
to generate plasma before the step (a) and stopping the
supply of the gas before the step (b).

In the step (e), by supplying a gas into the chamber C
before the step (a), electric charges can be supplied to the
substrate. As a result, the electric charges can be supplied to
the electrostatic chuck 2a before an HV voltage 1s applied to
the electrode 21 1n the step (a).

The electrode 21 of the electrostatic chuck 2a 1s classified
into a unipolar type and a bipolar type. In the case of the
unmipolar type, since the electric charges are not supplied to
the substrate side only by applying the HV voltage to the
clectrode 21, plasma 1s generated and electric charges hav-
ing a polarnty different from the electric charges of the
clectrode 21 1s supplied from the plasma to enable electro-
static adsorption of the substrate. Therefore, when the elec-
trode 21 1s the unipolar type, the enclosing step (e) 1s an
essential step. On the other hand, 1n the case of the bipolar
type, since electric charges having different polarities can be
supplied to the one electrode 21 and the other electrode 21,
it 1s not necessary to generate plasma. When the electrode 21
1s the bipolar type, the enclosing step (e) 1s not an essential
step.

However, the first term “(C1+C2)Q,;/ 1n the equation (1)
has a larger value as the imitial charge amount 1s larger.
When the step (e) 1s performed, since high-frequency power
and a gas are supplied to generate plasma, the initial charge
amount shown 1in the first term becomes large. For this
reason, there 1s a possibility that the measurement accuracy
ol the potential of the electrode 21 may be improved due to
the plasma enclosing of the step (e).

For example, when the plasma enclosing of the step () 1s
not performed, the chamber C may be filled with a gas and
an HV voltage may be applied to the electrode 21 to give
clectric charges to the electrostatic chuck 2a by gas adsorp-
tion. However, 1n this case, the charging of the electric
charges 1s not stable 1 the gas adsorption due to a low
adsorption force and the like, and the variation 1s larger than
that of electric charges when the plasma 1s generated.
Therefore, it 1s predicted that the measurement accuracy of
the potential of the electrode 21 can be improved by the
plasma enclosing of the step (e). In addition, according to the
plasma enclosing of the step (e), the present disclosure
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provides an effect that particles can be prevented from
entering between the substrate and the electrostatic chuck 2a
due to the action of the plasma when electrostatically
adsorbing the substrate.

Although the control method and the plasma processing
apparatus have been described above with the above
embodiments, the control method and the plasma processing
apparatus according to the present disclosure are not limited
to the above embodiments, but various modifications and
improvements can be made within the scope of the present
disclosure. The matters described in the aforementioned
embodiments may be combined unless a contlict arises.

The substrate processing apparatus according to the pres-
ent disclosure 1s applicable to any type of capacitively-
Coupled Plasma (CCP), Inductively-Coupled Plasma (ICP),
Radial Line Slot Antenna, Electron Cyclotron Resonance
Plasma (ECR), Helicon Wave Plasma (HWP), and the like.

In the present disclosure, the substrate W has been
described as an example of the substrate. However, the
substrate 1s not limited thereto, but may be various substrates
used for LCDs (Liqud Crystal Displays) or FPDs (Flat
Panel Displays), a photo mask, a CD board, a printed board,
or the like.

According to the present disclosure 1 some embodi-
ments, 1t 1s possible to estimate a residual electric charge
amount accumulated on a surface layer of an electrostatic
chuck before a substrate 1s detached from the electrostatic
chuck.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the embodiments described herein may be embodied
in a variety of other forms. Furthermore, various omissions,
substitutions and changes 1n the form of the embodiments
described herein may be made without departing from the
spirit of the disclosures. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions as would fall within the scope and spirit of the
disclosures.

What 1s claimed 1s:

1. A control method comprising:

(a) connecting a power supply to an electrode of an
clectrostatic chuck inside a chamber and applying a
voltage from the power supply to the electrode;

(b) after (a), switching a connection between the electrode
and the power supply to a non-connection state;

(c) after (b), supplying a gas into the chamber to generate
plasma;

(d) obtaining a potential drop value by measuring a
potential of the electrode during (c);

determining an HV voltage based on the potential drop
value; and

applying the HV voltage to the electrode to eliminate
clectric charges accumulated on a surface layer of the
clectrostatic chuck.
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2. The control method of claim 1, wherein 1 (b), the
clectrode 1s connected to a member configured to measure
the potential of the electrode, and

wherein 1n (d), a potential of the member 1s measured so
that the potential of the electrode 1s measured.

3. The control method of claim 2, further comprising: ()
supplying the gas into the chamber to generate the plasma
before (a) and stopping the supply of the gas before (b).

4. The control method of claim 3, further comprising: (1)
placing a substrate on a placement surface of the electro-
static chuck before (e).

5. The control method of claim 1, turther comprising: (e)
supplying the gas into the chamber to generate the plasma
before (a) and stopping the supply of the gas before (b).

6. The control method of claim 1, further comprising:

before (a), placing a substrate on a placement surface of
the electrostatic chuck;

after (d) and betore applying the HV voltage, performing
a substrate process to the substrate; and

alter applying the HV voltage, detaching the substrate
from the electrostatic chuck.

7. A plasma processing apparatus comprising:

a power supply;

a switch configured to switch a connection between an
electrode of an electrostatic chuck inside a chamber and
the power supply;

a gas Source;

a measuring device; and

a controller configured to:

(a) connect the power supply to the electrode and control
the power supply so as to apply a voltage from the
power supply to the electrode;

(b) control the switch so as to switch the connection
between the electrode and the power supply to a
non-connection state after (a);

(c) control the gas source so as to supply a gas 1nto the
chamber to generate plasma after (b);

(d) control the measuring device so as to measure a
potential of the electrode during (c) to obtain a potential
drop value;

determine an HV voltage based on the potential drop
value; and

apply the HV voltage to the electrode to eliminate electric
charges accumulated on a surface layer of the electro-
static chuck.

8. The plasma processing apparatus of claim 7, wherein

the controller 1s further configured to:

belfore (a), place a substrate on a placement surface of the
electrostatic chuck;

alter (d) and before applying the HV voltage, perform a
substrate process to the substrate; and

alter applying the HV voltage, detach the substrate from
the electrostatic chuck.
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